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24 HQURN1AMBULA TOBY. ELECTROCARDIOGRAPHIC 
MONI1QBING IN PA TIENTS OF CORONARY ARTERY DISEASE 
WITH SPECIAL EMPHASIS ON HEART RA TE VARIABILITY 

INTRODUCTION 

C oronary artery disease is the most common serious chronic life 
threatening illness in USA where more than 11 million persons have 
coronary artery disease. It continues to remain the leading cause of mortality 
and morbidity. Although the prevalence of CAD varies widely throughout the 
globe, prevalence is lowest in Japan, France and highest in USA & Finland. 

Coronary artery disease (CAD) has become a major public health problem 
in India. CAD is emerging as a major killer in India. Some recent data have 
suggested that CAD will replace infections as the major killer by the year 2015 1 . 

CAD has become one of the most common cardiac disorders that affects 
the adult Indian population. In many cases, CAD afflicts Indians in the prime of 
their lives. It is well known that the prevalence of CAD increases with age and 
recent studies have demonstrated that CAD is the leading cause of death in 
people above 55’ years of age 1 . It should, however, be noted that, based on 
recent observations, the prevalence of CAD in younger age groups (often 
referred to as premature CAD) appears to be increasing in people of Indian 
origin. It has been reported that some may develop clinical manifestation of 
CAD in the second or third decade of life. Even in women who are relatively 
protected from CAD in the premenopausal period, after 65 years of age CAD 
becomes the leading cause of death. With improved survival and increased life 
expectancy the number of patients with CAD is likely to increase 2 . A recent 
meta. analysis also showed that there has been a Nine fold increase in CHD in 
urban populations from the 1960s to the 1990s and the two fold increase in 
rural populations from the 1970s to the 1990s 2 . The meta-analysis also showed 
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that this increase is more in younger age groups (20-39 years) and it is also 
affecting men more than women. 

Despite the recent increase in the incidence of premature CAD in 
Indians, little is known about the pathogenesis of atherosclerosis and premature 
CAD in Indians. Evaluation of major coronary risk factors in Indian patients 
undergoing coronary arteriography has shown that more than one third of 
patients with CAD have no major risk factors (Kaul U, Dogra B. Manchanda 
SC, Am Heart J. 1986 4 . 71:1 12-115). There is an urgent need to examine the 
role of environmental factors, metabolic abnormalities, and genetic factors 
responsible for premature CAD in Indians. 

Recent epidemiologic observations have clearly demonstrated that of all 
ethnic groups, the people of Indian origin have one of the highest incidence of 
CAD ( 5d0 ). Most of these studies have also documented that CAD in Indians 
frequently occur at an early age ( usually in prime years the 3 rd or 4 ,h decade of 
life) and the disease is diffuse and severe n ' 12 . In addition the results of some 
studies have shown that when compared with age and gender matched 
individuals living in a similar geographic location, the. Indians with CAD have a 
significantly increased risk of myocardial infarction and cardiac death (often at a 
young age), which occurs earlier in the course of the disease process 8-15 the 
rate of premature CAD has been documented to be upto 3 times higher when 
compared with people of similar age in western world 16 ' 18 . Of those Indian 
patients with CAD who are fortunate enough to come to clinical attention 
before a coronary event occurs, many are considered poor candidates for 
myocardial revascularization (coronary bypass surgery and coronary angioplasty) 
because of the diffuse and advanced extent of angiographically demonstrated 
CAD 15 ‘ 19 . 

It is also becoming increasingly apperent that the natural protection for 
premenopausal women is often lost for many women of Indian origin, 
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particularly those residing in South Africa and England 19-21 . The predilection for 
premature CAD in Indian women might well be related to increased incidence 
of diabetes and obesity and could provide important insight into the basic 
pathophysiologic process responsible for the accelerated premature CAD in 
Indians 19 ' 21 . The available data clearly indicate that premature and accelerated 
CAD is a growing health problem for people of Indian origin 1-9. Although no 
specific data are available, it seems reasonable to consider that because the 
disease afflicts most Indian in the prime of their professional careers and early 
years of family life, it would have significant socioeconomic consequences. 
Clearly than there is an urgent need to pay close attention to the problem of 
premature CAD in Indians and define the underlying pathophysiologic 
processes involved so that potential solutions to resolve the problum can be 
implemented. 

Coronary artery disease has been defined as “Impairment of heart 
functions due to inadequate blood flow to the heart compared to its needs, 
caused by atherosclerotic narrowing and occlusion of coronary arteries of the 
heart” 22 CAD may manifest itself in many ways. 

, Stable 

A. Angina pectoris 



B. Myocardial infarction 



Unstable 

-> 

He 
Q wave 

Non Q wave 


Prinzmetal’s variant 
Silent ischemia 


C. Unexplained arrhythmias 

D. Unexplained CCF 

E. Abnormal X-ray Chest, ECG, TMT, CART 

F. Sudden death 
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There are only few studies on its prevalence in the general population in 
India, on screening of persons over the age of 30 years by a 12 lead ECG, in 
Chandigarth (urban population) the prevalence was found to be 65.4 and 47.8 
per 1000 males and females respectively 23 . In rural village in Haryana 
population the prevalence was 22.8 and 17.3 per 1000 males and females 
respectively 24 . The current ICMR survey has shown a prevalence rate of about 
80-120/1000 and it is estimated that there are about 40 million patients of 
CAD in our country. 

ANGINA PECTORIS : 

Angina pectoris is the term used to describe discomfort due to transient 
myocardial ischemia and constitutes a clinical syndrome rather than a disease, it 
may occur whenever there is an imbalance between myocardial oxygen supply 
and myocardial oxygen demand (MV02). Coronary atheroma is by far the most 
common cause but angina is also a feature of aortic valve disease, hypertrophic 
cardiomyopathy and some other forms of heart disease. 

STABLE ANGINA : 

Presents classically by left sided or central chest pain that is precipitated 
by exertion and promptly relieved by rest. Most patients describe a sense of 
oppression or tightness in the chest - “like a band around the chest”, pain may 
be denied . Angina Victim often closes a hand around the throat, puts a hand or 
clinched fist on the starnum or places both hands across the lower chest, many 
patients report a choking sensation. Breathlessness in sometimes a prominent 
feature, the pain may radiate to the neck or Jaw and is often accompanied by 
discomfort in the arm’s particularly the left, the wrists and same time the hands; 
the patient may also describe a feeling of heaviness or uselessness in the arm. 
Occasionally the pain is in epigestric or inter scapular . Angina may occur at 


any of these places of reference with out chest discomfort but a history of 
precipitation by effort, and relief by rest or sublingual nitrate should still allow 
the conditiondo be recognised. 

Symptoms tend to be worse after meal, in the cold, and when walking 
uphill or against a strong wind. Some patients find that the pain comes when 
they start walking and later it does not return despite greater effort (start-up 
angina) (walkthrough angina) some experience the pain when lying flat 
(decubitus angina), and some are awakened by it (nocturnal angina). 

Angina may also occur capriciously as a result of coronary arterial spasm, 
occasionally this is accompanied by transient ST elevation on the ECG 
prinzmetal’s or variant angina) . 

Differential diagnosis of this includes musculoskeletal paricardial and 
oesophageal pain, musculoskeletal pain are provoked by specific movement 
rather than by walking and background pain often persist at rest, there may be 
associated chest wall tenderness. The pain of pericarditis is occasionally 
provoked by exercise. 

Angina occuring at rest may be confused with oesphagitis with or 
without a hiatus hernia, but pain due to oesophagitis usually has a burning 
quality and is relieved by antacids, oesophageal spasm, however distinguish 
from variant angina. 

Electrocadiogram may show evidence of previous myocardial infarction 
but is normal in most patients. Occasionally there is T wave flattening or 
inversion in some leads providing non-specific evidence of myocardial ischaemia 
or damage. 

UNSTABLE ANGINA : 

The term is used to describe patients who present with rapidly worsening 
angina (cresendo angina), severe angina at rest or prolonged and severe 
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ischemic chest pain without ECG or enzyme evidence of significant myocardial 
infarction, it may present as a new phenomenon or against a background of 
chronic stable angina. 

The culprit lesion is usually a complex ulcerated or Fissured atheromatus 
plaque with adherent Thrombus and local coronary artery spasm. Episodes of 
myocardial ischemia are due to an abrupt reduction in coronary blood flow 
caused by thrombosis or spasm . 

Supply-led Ischemia) : In contrast the stable angina is related to a fixed 
obstruction and is usually precipitated by an increase in myocardial oxygen 
demand. Demand-led Ischemia) : ECG usually shows acute ST segment 
elevation or depression during episodes of myocardial ischemia, the ECG 
changes are sometimes prolonged. 

MYOCARDIAL INFARCTION : 

Myocardial infarction generally results from abrupt decrease in coronary 
blood flow. This generally follows a thrombotic occlusion of a coronary artery 
previously narrowed by atherosclerosis 2 " 52 * 5 . Infarction occurs when an 
atherosclerotic plaque fissures, ruptures or ulcerates and with conditions 
favouring thrombogenesis (factors which may be local or systemic) a mural 
thrombus forms, leading to coronary artery occlusion. Coronary artery spasm 
may cause acute myocardial infarction in rare patients with normal coronary 
arteries. It has been postulated that spasm may cause in final damage that can 
initiate formation of an atherosclerotic plaque 27 . An association between 
coronary artery spasm and coronary artery thrombosis has also been 
documented clinically 28 . 

1 additional infarction may be due to coronary artery occlusion secondary 
to coronary emboli. The causes of coronary embolism are numerous infective 
and marantic endocardits, mural thrombi, prosthetic valve fragmentation 2 \ 
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neoplasms 30 air that is introduced at the time of cardiac surgery 31 and calcium 
deposits from manipulation of calcified valves at operation. In thrombosis of 
coronary arteries can occur secondary to chest wall trauma. Oral contraceptive 
use to also probably can be associated with acute myocardial infarction in 
healthy women, the mechanism of this association may operate through an 
increased tendency of thrombosis Viral infections, particularly with Coxsakie-B 
may an uncommon cause of AMI 32 . Syphilitic aortitis may produce marked 
narrowing or occlusion of one or both coronary ostia 33 . Whereas Takayasu 
arteritis may result in obstruction of coronary arteries 34 . Necrotising arteritis, 
polyarteritis nodosa 35 , muco-cutaneous lymph node syndrome (Kawasaki 
disease) 36 , systemic lupus erythematosus and giantcell arteritis can cause 
coronary occlusion 37 . Therapeutic levels of mediastinal radiation can cause 
thickening and hyalinization of the wall of coronary arteries, with subsequent 
infarction 38 , AMI may also be the result of coronary arterial involvement in 
amyloidosis, Hurler syndrome, pseudoxanthoma elasticum 30 and 
homocystinurea cocain abuse may cause myocardial infarction in patients with 
normal coronary arteries, pre-exiting myocardial infarction documented 
coronary artery disease of known coronary artery spasm 

A variety of hematological disorders causing in situ thrombosis in the 
presence of normal coronary arteries such as polycythemia vera, cyanotic heart 
disease with polycythemia 42 , Sickle cell anemia 43 , disseminated inti avascular 
cougulation, trhombocytosis and thrombotic thrombocytopenic purpurse, can 
cause myocardial infarction. The conditions which augment the oxygen demand 
(Thyrotoxicosis) 44 , amphetamine use 45 , are also suggested causes, Hypotension 
secondary to sepsis, blood loss, or pharmacological agents can precipitate 
myocardial infarction. 

Acute myocardial infarction may be precipitated by factors such as severe 
physical exercise, mental stress and medical or surgical illnesses. Other factors 
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reported as predisposing to AMI include respiratory tract infection, hypoxaemia 
of any cause, pulmonary embolism, hypoglycemia, administration of ergot 
preparations, serum sickness, allergy and wast stings. 

A circadian periodicity has been associated to the time of onset of AMI. 
The early morning hours 6.00 a.m. to 12.00 noon are associated with peak 
incidence of AMI 46 and parallels the onset of other related phenomena inclding 
sudden cardiac death. Thrombotic stroke and transient myocardial ischemia. 
Early morning hours are associated with rise in plasma catecholamines and 
cortisol and increases in platelet aggregation. The characteristic circadian 
pattern is absent in patients receiving betablocker or aspirin therapy before their 
presentation with AMI 47 ’ 48 . 

Acute myocardial infarction may be divided into two types : transmural 
infarcts in which myocardial necrosis involves the full thickness (or nearly full 
thickness) of the ventricular wall, and subendocardial (non transmural infarcts, in 
which myocardial necrosis involves the subendocardium, the intramural 
myocardium, or both without extending all the way through the ventricular wall 
to the epicardium 49 . In transmural infarction, occlusive coronary thrombosis is 
commoner, and localized to the distribution of a single coronary artery. 
Nontransmural infarctions, frequently occur in the presence of severely 
narrowed but still patent coronary arteries, severe obstruction occurring before 
infarction protects against the development of transmural infarction due to 
development of collateral circulation. 

Acute myocardial infarction presents classically as retrosternal or 
precordial pain, spreading frequently to both sides of the anterior chest, more 
on left side. The pain radiates down the ulnar aspect of the left arm, producing 
a tingling sensation in the left wrist, hand, and fingers. The pain is piolonged, 
usually lasting for more than 30 minutes and frequently for a number of hours. 
The discomfort is described as constricting crushing, oppressing, or 


9 


compressing. The patient complain of a sensation of heavy weight or squeezing 
in the chest. The pain may also be characterized as a stabbing knife like, boring, 
or burning discomfort. 

The discomfort may radiate to the shoulders, upper extremities, neck, 
jaw, and interscapular region, again usually favouring the left side. Associated 
symptoms are dyspnoea, diaphoresis nausea, vomiting belching, diarrhoea and 
an urge to defecate. 

Population studies suggest that between 20 to 60 percent of non-fatal 
Mis are unrecognized by the patient and are discovered only on subsequent 
routine electrocadiographic 50 ' 51 or postmortem examinations. Of these 
unrecognized infarctions, approximately half are truely silent, with the patient 
unable to recall any symptoms, unrecognized or silent infarction occurs more 
commonly in patients without antecedent angina pectoris and in patients with 
diabetes and hypertension. Silent MI is often followed by silent Ischaemia. In 
elderly patients AMI may present as sudden onset of breathlessness which may 
progress to pulmonary oedema. Other less common presentations are sudden 
loss of consciousness and confusional state. 

Patients suffering an AMI often appear anxious and in considerable 
distress. An anguish facial expression is common. Pollor associated with 
perspiration and coolness of the extremities occurs commonly. Although many 
patients have a normal pulse rate and blood pressure, within the first hour of 
infarction, about one Fourth of patients with anterior infarction have 
manifestations of sympathetic nervous system hyperactivity (tachycardia and/or 
hypertension), and upto one half with inferior infarction show evidence of 
parasympathetic hyperactivily (bradycardia and /or hypotension). 

The precordium is usually quiet and the apical impulse may be difficult to 
palpate. In patients with anterior wall infarction, an abnormal systolic pulsation 
caused by dyskinetic bulging of infarcted myocardium may develop in the 
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periapical area. Third heart sound (S 3 ) and fourth heart sound (S,|) may be 
present along with diminished intensity of Si and S 2 Rarely paradaxical splitting 
of second heart sound can be heard. A transient apical systolic murmur due to 
mitral regurgitation caused by dysfunction of papillary muscle is commonly 
audible during acute myocardial infarction. Jugular venous distension occurs 
commonly in patients with right ventricular infarction, Basilar rales are 
frequently detected. Temperature upto 38°C may be found towards the end of 
first week of AMI. Pericardial friction rub is audible along the left sternal border 
or just inside the point of maximal impulse especially in patients with transmural 
infarction in approximately 10% cases. 

The eletrocardiaographic changes in acute myocardial infarction present 
a? Q waves or loss of R waves in patients with transmural (Q wave Ml) and only 
ST segment and/or T-wave changes in non transmural infarction (non-Q wave 
Ml), total occlusion of the infarct related artery produces ST-segment elevation, 
and ultimately evolves in a Q-wave MI. A small proportion may sustain only a 
non Q-wave MI. A minority of patients who present initially without ST-segment 
elevation may develop a Q- wave infarction. 

The initial chest roentgenogram can detect signs of left ventricular failure 
and cardiomegaly signs of pulmonary congestion may be present. 

2D - Echocardiography is a sensitive technique for examining regional left 
ventricular wall motion. Also useful in diagnosis of right ventricular infarction, 
ventricular infarction, ventricular aneurysm, pericardial effusion and left 
ventricular thromboses. 

The early use of echocardiography can aid in the early detection of 
potentially viable but stunned myocardium (contractile reserve) 52 , residual 
provocable ischemia, patients at risk for the development of congestive heart 
failure following AMI 53 , and mechanical complication of AMI. 



Doppler echocardiography is useful in detection and quantification a 
ventricular septal defect and mitral regurgitation, several redionuclide imaging 
techniques redionuclide angiography, perfusion scintigraphy, infarct avid 
scintigraphy, ventriculography and positron emission tomography are useful in 
detecting acute myocardial infarction in assessing the effects of infarct on 
ventricular function and in establishing prognosis. 

The serum cardiac markers are useful indicator for diagnosing acute 
myocardial infarction. These are released in large quantities into the blood from 
necrotic heart muscle following myocardial infarction. Among them the 
important are creatine Kinase (C.K,.), serum aspartate transaminase AST or 
SGOT lactic dehydrogenase (LDH), cardiac specific troponins and myoglobin. 

Creatinine Kinase (CK) rises within 4 to 8 hours following the onset of 
AMI and declines to normal within 2 to 3 days. The peak CK occurs on average 
at about 24 hours, CK is not specific because it may also increase in patients 
with muscle disease, alcohol intoxication, diabetes mellitus, skeletal muscle 
trauma, vigorous exercise, convulsion intra muscular injections, thoracic outlet 
syndrome and pulmonary embolism. The isoforms CK-MBi, and CK MB 2 has 
been indentified. 

In one study an absolute level of the CK- MB 2 Isoform 
> 1.0 U /L or ratio of CK - MB ? /CK-MBI > 1.5 had a sensitivity for diagnosis 

AMI and 59 percent at 2 to 4 hours and of 92 percent at 4 to 6 hours 54 . 

Serum aspartate transsaminase (AST) starts to rise about 12 hours after 
infarction and reaches a peak on the first or second day, returning to normal 
within 3 to 4 days. False positive elevations occur frequently with most hepatic 
or skeletal muscle diseases, following intramuscular injections, pulmonary 
embolism & with shock. Because the time course of elevation offers no 
advantage relative to other serum markers, its incremental benefit for the 
diagnosis of AMI is negligible, and it is no longer routinely used. 
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Lactic dehydrogenase (LDH) starts to rise after 24 to 28 hours of the 
onset of AMI, reaches a peak 3 to 6 days and returns to normal levels 8 to 14 
days after the infarction. Total LDH, although sensitive, is not specific, false 
positive elevations, occur in patients with hemolysis megaloblastic anemia, 
leukemia, liver disease, hepatic congestion, renal disease, a variety of 
neoplasms, pulmonary embolism, myocarditis, skeletal muscle disease and 
shock. LDH comprises of five isoenzymes. LDH b is found predominantly in the 
heart. Therefore increased LDHi is a more sensitive indicator of myocardial 
infarction than total LDH. it’s sensitivity exceeds 95 percent. However, LDH 
isoenzymes need to be measured only when the initial CK or CK - MB elevation 
might have been missed (after 48 hours). Because they are not more sensitive 
than CK-MB, newer & more cardiac - specific late markers such as cTnl or 
cTnT have also emersed. 

Myoglobin is a protein released into the circulation from injured 
myocardial cells and can be demonstrated within few hours after the onset of 
infarction. Peak levels are reached considerably earlier (1 to 4 hours) than peak 
values of serum CK 55 . A more rapid rise in serum myoglobin has been observed 
following reperfusion and its measurement has been suggested as a useful index 
of successful reperfusion. 

Cardiac -Specific Troponins (cTnT and cTnl) are antibodies 
produced against the cardiac muscle, In patient with AMI, cTnT and cTnl first 
begin to rise above the upper reference limit by 3 hours from the onset of chest 
pain. Elevation of cTnl may persists for 7 to 10 days followings AMI elevations 
of cTnT may persist for upto 10 to 14 days, the kinetics of release of cTnT are 
similar for patients with Q-wave and non Q-wave AMI 57 , patients with AMI 
who undergo successful recanalization of the infarct - delated artery have a rapid 
release of cTnT, this may be useful as indicator or reperfusion’’ 6 ’'’ 8 . 



Other promising serum cardiac markers that are under study include heart 
fatty acid binding protein (hFABP), myocin light chain (MLC), myocin heavy 
chains (MLC) and glycogen phosphorylase isoenzyme BB (GPBB) 59 . 

The mortality with acute myocardial infarction is approximately 30 
percent with more than half the death occuring before the striken individuals 
reach the hospital. An additional 5-10% of the survivors of acute myocardial 
infarction die in the first year, despite major theraputic advances in the 
treatment of ischaemic heart disease. 

In USA, steady decline in the mortality rate from AMI has been observed 
across several population group 60,61 . This drop in mortality appears to be 
caused by a fall in the incidence of AMI and a fall in the case fatality rate. Now 
clinicians are more astute at identifying those patients who are at increased risk 
of AMI 62 and benefit from more aggrassive prophylactic cardiovascular 
treatment to prevent it from occuring e.g. use of intravenous nitroglycerine 
during non cardiac surgery 63 . 

Several landmarks in the management of patients have contributed to the 
decline in mortality from AMI 65 . In the mid 1960’s the concept of coronary 
care units was introduced. The first decade of coronary care was notable by 
detailed analysis and vigorous management of cardiac arrhythmias. 
Subsequently introduction of the pulmonary artery balloon flotation catheter set 
the stage for bedside hemodynamic monitoring and more precise management 
of heart failure and cardiogenic shock associated with AMI. The modern 
reperfusion era of coronary care was ushered in by intra coronary and than 
intravenous thrombolysis, increased use of aspirin and the development of 
primary percutaneous transluminal coronary angioplasty PTCA for AMI 

Drugs therapy continues to be an integral aspect of the treatment of 
patients with AMI, with note worthy advances in the use of beta - adrenoceptor 
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blockers, antithrombotic regimens, nitrates, and angiotensin converting enzyme 
(ACE inhibitors) 66 . 

HOLTER MONITORING : The idea of holter monitoring is three fold bS . 

1 . Quantitation of ventricular arrhythmias. 

2. Heart rate variability (HRV). 

3. Silent myocardial Ischaemia (SMI). 

Ventricular arrhythmia: 

Detection and quantitation : 

Holter monitoring is an excellent modality to detect and quantitate 
ventricular arrhythmia but it has serious limitations in predicting the propensity 
for recurrence of sudden cardiac death in a given individual. This is better judged 
by signal average ECG or electro-physiological studies (EPS) the results of 
ventricular arrhythemia analysis must always be interpreted in light of left 
ventricular (LV) dysfunction it is the associated (LV) dysfunction (EF<40%) which 
is more important predictor of SCD than the frequency or complexity of 
ventricular arrhythmia. In the absence of LV dysfunction, the VPB s howsoever 
complex they may be, are unlikely to culminate into ventricular tachycardia / 
ventricular fibrillation. 

Detection of SMI : 

If there is evidence of myocardial ischemia, this should be treated first 
before initiating any antiarrhythmic therapy. It is seen that control of myocardial 
ischemia may result in disappearance of VPB’s . 

Heart rate variability : 

The beat of the healthy heart is not absolutely regular, cyclic variation of 
the heart rate and arterial blood pressure with respiration was documented as 
early as the 18 th century by Stephen Hales the British botanist..*.' 
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1. TIME DOMAIN ANALYSIS : 

It is based on simple principals, However they are affected by artifacts 
such as the omission of QRS complexes and do not distinguish clearly between 
sympathatic and parasympathatic components. Time domain measurement are 
of two types. 

(i) Based on inter beat intervals : 

These indices are influenced by both short term factors such as 
respiration and prolonged factors such as circadian rhythm this category 
includes : 

(a) SDNN - The standard deviation (SD) of all normal RR (NN) intervals, 
it is also known as the cycle length variability. 

(b) SDANN - The standard deviation of the mean of the 5 minutes 
intervals, averaged over 24 hours. 

(c) SDNNIDX - the average of the SDs of inter beat intervals for each 5 
minute interval, an intermediate between long term and short term 
variability 

(ii) Based upon comparison of the lengths of adjacent cycles : 

These indices predominantly reflect the vagaltone and are almost 
independent of long terms trends this category includes. 

(a) PNN50 - (Ewing index) The percentage of consecutive cycle that are 
more then 50-MSec. apart. 

(b) rMSSD - The root mean square successive differences, which is the 
square root of the averaged sum of the squared difference, which is 
the square root of the averaged sum of the squared differences in 
adjacent NN cycle lengths. 

2. FREQUENCY DOMAIN (Spectral) Analysis, Spectral Power) : 

Though more difficult to analyse requiring a Holtcr system with and 
accurate timing track, more over this analysis is unable to cope with the 
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recording containing frequent ventricular arrhythmias. It provides on estimate of 
the overall variance in heart rate, HRV resulting from periodic oscillation of the 
heart rate at various frequencies this variance, expressed as msec 2 or normalised 
unit (0-100) is referred to as ‘power’ in a portion of the total spectrum of 
frequencies this power spectrum can be classified into different frequency bands 
as follows. 

(i) High frequency (HF) 0.15 to 0.4 Hz : This is parasympathatically 
mediated and mainly reflects respiratory variatiqn. 

(ii) Low frequency (LF) 0.04 to 0.15 Hz : This is modulated by both 
sympathetic and parasympathetic nervous system and corresponds mainly 
to vasomotor activity, being strongly affected by baroreceptor activity. 

(iii) Very low frequency : 0.003 to 0.04 Hz : This may be affected by the 
renin angiotension, perepheral vasomotor and thermoregulatoi y 
changes. 

(iv) Ultra low frequency (ULF) o.OOHSxlO 5 To 0.0033 Hz in addition to 
the factors affecting UVLF, the ULF is also influenced by circadian 
rhythm total power (TP) represent the sum of HF, LF, VLF and ULF and 
is the total variance in the signal. There are is strong correlation between 
indices of the time domain analysis with those of the frequency domain 
analysis. 






REVIEW OF LITERATURE 


C urrent indications for the use of Holter monitoring to detect clinically 
meaningful cardiac arrhythmias. 

♦ Evaluation of patients with syncope, palpitations, or other symptoms that 
may be due to arrhythmias. 

♦ Evaluation of patients with known arrhythmia in order to improve the 
quantification of the frequency and or the rate of the rhythmic disorders. 

♦ Evaluation of anti arrhythmic drug efficacy surveillance of the function of 
implanted pacemakers. During the past decade, there has been a dramatic 
increase in catheter ablation. 

AMBULATORY ISCHEMIA : 

Numerous investigators have evaluated the prognostic value of 
ambulatory ischemia in various categories of CAD patients eg. chronic stable 
angina, unstable angina and post myocardial infarction. 

ST depression during holter monitoring is sensitive marker of ischemia in 
daily life and is useful quantification of total ischemic burden. Simultaneous 
ambulatory recording of radionuclide time activity by VEST revealed ST 
depression in 9 out of 13 patients during episodes of transient fall of ejection 
fraction 76 . In another study of simultaneous pulmonary arterial (PA) pressure 
monitoring 77 a significant increase in PA diastolic pressure occured during 1 % 
episodes of ST depression. 

Whether ischemia detection by AECG provides additional prognostic 
information than that provided by exercise testing is controversial issue. Two 
successive studies by Mulcany et al 78 79, 14 concluded that exercise testing can 
identify most patients who are likely to have ischemia during daily life and 
hence AECG does not make any further contribution to risk stratification. In a 
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recent study, Paul 80 et al also found that probability of ambulatory ischemia on 
holter can be predicted by time to onset and maximal ST depression on exercise 
testing, obviating the need for separate AECG monitoring. AECG one month 
after episode of unstable angina did not add to the value of exercise test for 
detection of severe coronary lesions at coronary arteriography 81 Evidence in 
support of the other side of controversy emerged from a large number of 
studies. Rocco et al 82 studied 86 patients of chronic stable angina and positive 
exercise test and found significantly higher cardiac event rate (41% v/s 3%) in 
those with ambulatory ischemia than those without. Deedwania and Carbajal'* 3 
in a similar study found AECG ischemia as the most powerful predictor of 
cardiac mortality, similar results emerged from few more studies too. 84-85 Tjivoni 
et al 86 in a study of post infarction patients found a cardiac event rate of 51% in 
those with ischemia on both TMT and 8.5% in those with no ischemia Langcr 
et al 87 found no increase in cardiac event rate with exercise induced ischemia 
but significant increase in adverse cardiac events occured with ST depression on 
AECG. In a recent observation Goodman et al 88 found that ambulatory ECG 
ischemia is the best predictor of proximal arterial segment involvement score 
whereas exercise testing and Myocardial perfusion imaging were predictive of 
coronary jeopardy score. Therefore weight of evidence as of today indicates that 
AECG ST- depression provides useful additional prognostic information and is 
recommended for patient subsets with 
(i) ■ Exercise capacity <6 min. 

(H) Onset of ischemia < 6 min. 

(iii) Peak HR > 120/min 89 

A large population study* demonstrated 16 times relative risk of adverse 
cardiac events in those with history of CAD and ambulatory ischemia and 4 4 
times risk in those with ambulatory ischemia and no history of CAD when 
compared to subjects without these. In preoperative evaluation study 1 '' of 
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patients undergoing non - cardiac surgery, transients ST depression on AECG 
was the significant predictor of postoperative and long term adverse outcome in 
multivariate analysis. In another recent population 92 study (n = 6693) a model 
based on age, history, 12 lead ECG and ST-T and rhythm analysis on AECG 
predicted sudden coronary death as efficiently as extended models containing 
information form exercise test, echocardiography, ventriculography and heart 
rate variability analysis. ASIST, the first randomized trial 96 that evaluated the 
medical treatment of silent ischemia with atenolol and found that absence of 
ischemia on AECG at 4 weeks of treatment was the most powerful correlate of 
event free survival. ACIP study demonstrated a severer from of coronary artery 
disease (more complex plaques and proximal involvement) in those with 
ambulatory ischemia 94 . A larger trial of 5000 patients (ACIP - II) is planned to 
test the hypothesis that treatment of ischemia prevents death and nonfatal 

infarction. 

Data regarding prognostic value of AECG ST - depression in unstable 
angina patients is also conflicting. Marmur et al 9j found similar cumulative 
duration of AECG ischemia in patients with and without unfavourable outcome. 
In a cohort of recent onset agina followed up for 15.8 months, presence of 
ambulatory ischemia did not predict adverse prognosis 96 . To the contary 
Gottlieb et al 97,98 , in two successive reports found significantly higher incidence 
of MI or mechanical revascularisation in unstable angina patients with 
ambulatory ischemia. Another study 99 demonstrated that the higher risk of 
cardiac events is related to the duration of silent ischemia > 60 min over 24 hrs 
and was illustrated by a large number of diseased vessels and proximal stenosis 
in these patients. A recent report 500 of 135 unstable angina patients subjected 
to early coronary arteriography and 24 hours hotter monitoring (4±3 days) 
demonstrated that ambulatory ischemia > 60 minutes was of incremental value 
in predicting adverse outcome in addition to the extent of coronary artery 
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disease and LV function. Overview of all available data suggests that it is the 
higher duration of ambulatory ischemia rather than its mere presence that 
predicts prognosis in unstable angina. 

In post infarction patients, studies by Goldberg 101 and Arstall et al 102 did 
not find any justification of routine ambulatory ECG monitoring at discharge 
because of similar adverse events at follow up in those with and without 
ambulatory ischemia. To the contrary a study of high risk early post infarction 
patients 103 (LVEF<40%) and ventricular arrhythmia> Lown class III) 
demonstrated hat ischemia on holter is the most powerful predictor of 1 year 
mortality. Tzivoni et al 104 also confirmed adverse prognostic influence of 
ambulatory ischemia which persisted till 2 years after infarction. In a recent 
randomized trial of 105 tPA versus placebo in acute myocardial infarction, In 
addition to ejection fraction. ST depression on holter emerged as an 
independent predictor of VPC frequency suggesting that the underlying extent 
of both infarcted and ischemic myocardium is important in modulating 
ventricular arrhythmia after myocardial infarction. Above study 105 found higher 
frequency and duration of ambulatory ischemia after thrombolysis in those with 
patent infarct related artery, complex lesion morphology and three vessel 
disease Krucoff et al 106 in a study of 46 patients thromboiysed with 
streptokinase found that achievement of ST steady state within 100 minutes of 
thrombolysis was 89% sensitive and 82% specific for successful reperfusion 
whereas ST steady state before thrombolysis was 100% sensitive and specific 
for subtotal occlusion of infarct related artery identifying ambulatory ischemia as 
an excellent marker of coronary patency. 

Mechanical revascularisation by PTCA or CABG leads to significant 
reduction of ambulatory ischemia. ST changes in these subgroups do not 
correlate with adverse out come 107, 108, 109 
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Post-infarction Arrhythmia 

Ambulatory ECG monitoring discloses ventricular arrhythmia in 50 - 60% 
of post MI survivors just before hospital discharge, the variation in prevalence 
being related to differing duration of holter monitoring 110114 . All these five 
studies of prethrombolysis era have shown ventricular arrhythmias to be of 
independent prognostic value in predicting sudden death and total cardiac 
mortality. None of these studies predicted the mechanism of death. The 
prevalence of ventricular arrhythmia is markedly reduced by thrombolysis 115 . 
Optimal duration of monitoring for satisfactory detection of arrhythmia is 
debatable Kennedy et al 116 performed 48 hours of AECG monitoring and found 
that maximum Lown grading occured in 80% patients during first 24 hours 
suggested that 24 hours of monitoring should suffice. Another recent report 117 
suggested that no further information is obtained from AECG monitoring 
extended beyond one hour. 

Heart rate variability (HRV) 

In recent study 118 respiratory sinus arrhythmia (RSA) calculated from the 
mean absolute difference between successive heart beats was identified an 
exclusive measure of cardiac vagal tone any may offer advantages over other 
indices as a prognostic tool. All measures of RR variability were significantly 
higher in healthy middle aged persons than those with 2 weeks and 1 year after 
myocardial infarction to such an extent that RR variability can be used for 
reliable screening of middle - aged populations to predict increased risk of 
coronary death 119 , comparison of 20 patients with angiographically proven 
CAD with 20 healthy controls revealed no quantitative difference in HRV 
indices but the normal circadian variation and increase on awakening were 
blunted in CAD group suggesting some alteration in cardiac neural regulation 
even in uncomplicated CAD 120 . In another recent study, no correlation of HRV 
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was found with the mere presence of CAD but a direct correlation with LVEF 
and inverse correlation with NYHA class emerged 121 . Significant decrease in HF 
power and therefore an increase in LF/FfF ratio was found during 30 minutes 
before ishcemia episodes when compared to non ischemia points on AECG 122 . 
This decrease in vagal tone may reflect decreased threshold for dialy life 
ischemia. Estimation of heart rate variability provides a prognostic information 
beyond that provided by traditional risk factors. A 9 year follow up study 123 
involving an elderly cohart of 736 original subjects of Framingham Heart study 
revealed that after adjustment of traditional risk factors. HRV indices of VLF, 
LF, HF, total power and SDNN indices were significantly associated with all 
cause mortality, Alterations in cardiac geometry by ischemia or infarction lead to 
derangement in autonomic control of heart rate and reduction in HRV by 
influencing afferent sympathetic mechanoreceptor discharge. Patretta et al 12 ' 1 
evaluated 32 patients of single vessel disease before and 16-24 days after 
PICA. Pre PTCA HRV indices were reduced only in those with regional wall 
motion abnormalities and increased significantly after PTCA, Simultaneous with 
improvement in their regional wall motion score. 

In a study of unstable angina patients, reduced time domain indices 
predicted mortality and total cardiac events, SDANN being the most powerful 
index 125 - Since decreased HRV correlates with increased sympathetic and 
decreased parasympathtic activity, it could contribute to increase coronary hyper 
reactivity and atherosclerotic plaque distruption. Valkama et al 1 " 1 ’ compared 
frequency domain measurements of HRV during early (0*12 hours) and 
convalescent (after 1 week) phase of acute myocardial infarction. In early phase 
interior location of infarct was associated with more reduction in HRV 
compared to anterior location whereas in convalescent phase, low ejection 
fraction and presence of non sustained ventricular tachycardia correlated with 
reduced total power, LF and VLF indices. Results of this study indicate a 
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propensity to arrhythmias in those with reduced HRV. In another study 127 from 
the same group that comprised of 54 CAD patients with either sustained 
ventricular tachycardia or history of cardiac arrest, impaired LF and VLF indices 
of HRV reflected suceptibility to spontaneous but not to inducible ventricular 
arrhythmias. In a temporal profile study reduced HRV at hospital discharge 
emerged as independent predictor of total cardiac mortality only during first six 
months in 433 survivors of first myocardial infarction followed up for five 
years 128 . Data from Vaishnav et al 129 confirmed the association between low 
HRV and mortality after acute myocardial infarction and suggested that in 
reflects an imbalance of sympathovagal function independent of LV function 
thrombolysis in acute myocardial infarction decreases arrhythmic events and 
electrical heart stability as elucidated by electrophysiological studies and 
increased HRV indices 130 . 

Zebel et al 131 studied the effect of thrombolysis on temporal pattern of 
HRV changes and found that pNN 50 a time domain parameter indicative of 
increased vagal tone is increased during first hour in those with angiographically 
proven successful thrombolysis but this benefit was no longer seen at 24 hours 
analysis. Merchant et al 132 compared HRV in chronic stable angina with early 
post infarction patients and found that silent ischemia in stable angina group is 
associated with reduced HRV whereas such a difference did not emerge in post 
-infarction group. Probably it is the autonomic dysfunction that is responsible for 
silent nature of ischemia in stable angina group whereas in post infarction group 
some other factors may be responsible. 

Treatment with metoprolol or atenolol leads to significant and similar 
increased in heart rate variability in patients with stable coronary artery 
disease 133 and 4 weeks after myocardial infarction 134 which may account for 
beneficial effect of beta blockers in these subgroups of CAD. 






AIMS AND OBJECTIVES 


1. To study the arrhythmias in coronary artery disease patients. 

2. To evaluate silent and symptomatic myocardial ischemia. 

3. To study the heart rate variability in coronary artery disease patients by 
24 hours ambulatory Electrocardiography. 
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MATERIAL AND METHODS 

T he present study was conducted in the Department of Medicine, 
Maharani Laxmi Bai Medical College, Jhansi over a period of twelve 
months (March 1999 to Feb. 2000). The patients were taken from Intensive 
coronary care unit cardiology ward and cardiology OPD. 

This study was aimed at 24 hours ambulatory electrocardiographic 
monitoring of coronary artery disease patients the carieteria of diagnosis of 
coronary artery disease was. 

1. Symptoms suggestive of ischemic heart disease. 

2. ECGs Changes suggestive of myocardial ischemia. 

♦ For confermation any of the following were present - 
- Positive TMT 

- Echocardiographic evidence of ischemia 
- Documented myocardial infarction by ECGO. 

- Myocardial infarction was suspected clinically and confirmed by ECG 
changes or by an increase in creatinine kinase of > 2 times. Normal 
total with an associated increase in M.B. isoenzyme to > 5% of total 
creatinine kinase. 

- Patient of unstable angina were also included in this study, unstable 
angina was defined as resting prolonged (15 to 30 minutes) new 
onset angina. 

- Resting angina occuring in patients with either a previous chronic 
stable angina or with a history of previous myocardial infarction. 

- Worsening effort angina i.e. effort angina that occured in the last few 
days at a lower threshold and with a higher frequency in patient with 
previous stable angina furthermore as an inclusion criterion, all 
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patients enrolled in this study had history suggestive of at least one 
episode of angina pectoris. 

• The Holter monitor analysing done to room is fully Air conditioned 
maintain requisite temperature and humidity for optimum functioning the 
Holter Machine. 

• This Holter system was built by MEDELEC System Pvt. Ltd. Company 
from U.S.A. 

It had following parts : - 

i. HOLTER MONITOR : 

Model full Disclosure Holter Analyser System with Digital Solid state 
Holter Recorders by Diagnostic Monitoring System, USA. 

System features : All the system features are the same as model full 
disclosure cassette Holter analyser system by diagnostic monitoring system USA 
consisting of - 

Full computerised main Analyser unit with hard Disk Drive (S.No. DMS 
8255) 

Enhanced Alpa-numaric key board. (Model EKB 804TP, S.No. 6OOO880) 
High Resolution 14” full colour vedio monitor model 4 Bni SAMTRON 
by SAMSUNG (S. No. HMF 1722876 J). 

- • High Resolution Hewlett Packard Laser Jet Printer Model C 3990A (HPL 

J6L) S.No. JPZPI 59368 . 

ii. Digital Holter Recorder : 

Model DL 700 FC light weight 3 channel solid state digital Holter 
Recorder with all accessories (Serial No. D 10186). 

Solid State Memory Card 
Patient lead set 
Carrying case W/bell 
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PRE-REQUISITES FOR TEST : 

Disposable ECG electrodes 

Adhesive tape, shaving rajor and blade 

2 Dry Alkaline battery pencil size (1.5 volt). 

Source of patients : 

The subjects for Holter monitoring were selected from the patients who 

attended cardiology OPD and also from those admitted in ICCU or wards. 

Instructions to the Patients : 

i. Record your activity every 1/2 hour when you are awake. 

ii. If you have any complaints, please write the same with time. 

iii. Continue with your daily activities in usual way. 

iv. Continue with the medicines as advised by your doctor. 

v. The patient was given a chart to note down his half hourly activity and 
complaints (if any) during the full recording period. In case of any chest 
pain or discomfort, the patients was asked to click /press the event 
marker provided with the Holter recorder so that the corresponding ECG, 
may be very accurately analysed. 

vi. He/She was encouraged to be fully relaxed . 

vii. Try to be back with in 24 hours as recording cassette will stop after that. 
To begin with the patient was fully explained about the procedure of the 
test and was asked to wear an loose fitting cotton cloth (especially in 
summer) over chest. 

Before applying the chest electrodes the chest was properly shaved to 
remove any hair and the part throughly cleaned with spirit, after this the 
patient was instructed to wear a loose fitting cloth over chest. Than the 
various chest electrodes were applied as given below. 

1 . White colour : In the 2 nd right intercostal space in mid clavicular line. 

2. Blue colour : On manubrium Sterni, 


3. Black colour : In the 2 nd left intercostal space in mid clavicular line. 

4. Brown colour : At the xyphisternum. 

5. Orange colour : In the left 4 th ICS on mid clavicular line. 

6. Red colour : In the left 5 th ICS on Anterior Axillary line. 

7. Grean colour : In lower most midaxillary line on right side. 

The holter monitor was removed exactly after 24 hours after switching the 
computer system on. The various commands were given by the computer were 
executed till the screen displayed instruction to insert the flash card. The system 
takes few seconds to scan the flash card and if the recording has been proper, 
accepts it. Than the data regarding the patients identification, diagnosis 
referring physician and medication are typed in, and proper data and time of 
recording entered in. After completing the above steps the computer takes 2-3 
minutes to down - load the data on the disk. This is followed by documentation 
on the following information on computer screen in the following order, which 
are edited in the proper way. 

1. Time of Holter recording. 

2. Heart rate variability data. 

3. All potential VE’s are displayed along with these timing and number 
followed by all potential SVE’s displayed along with there number and 
timing. 

4. After this significant event ECG strips are shown which includes, 
ventricular ectopics, ventricular ectopics in pair, supra-ventricular run’s 
aberrent beats etc. 

5. This is followed by displaying of the number and timing of all ST 
elevation or depression. 

6. In the last maximum and minimum heart rates are shown on the screen 
during the24 hours. 
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After doring this above editing the computer is asked to summerise all the 
data and printout the report, This analysed data were also reviewed by 
cardiologist. 

A complete medical history was recorded. The history included a definite 
postal address, phone number, it any, Name of persons who shall provide 
information about the patient in case of mishap, risk factor's and the history of 
present illness. History of past illness example hypertension, diabetes mellitus, 
chronic renal failure or any chronic disease was noted. 

A complete examination was done at the time of admission. The patients 
selected for this study were investigated for the following. 

Complete hemogram. 

Blood sugar - fasting and post prandial. 

Blood urea. 

Serum creatinine. 

Serum cholesterol, triglyceride (12-24 hours fasting). 
Creatinine phosphokinase (CPK-MB). 

Serum aspartate transaminase (AST). 

12 leads standard resting ECG. 

X-ray chest P.A. view 

2 D Echocardiography with Colour Doppler Were done 
Tread mill test during follow up 

_ when feasible 

All patients were followed up every 2 weeks for a month and than every 
month in cardiology clinic for a period of 6 months or more. In case of patient 
not attending cardiology clinic contact was made by ppst or telephonic enquiry. 

The Supraventricular arrhythmia in the setting of acute myocardial 
infarction are classified according to their complexity table 1 135 
Table I: Classification of supraventricular arrhythmia in AMI 


Routine : a. 

b. 

c. 

d. 

e. 

Special ; a. 

b. 

c. 

d. 

e. 

f. 
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Class 0 

No arrhythmia, 5 or less Premature beats/hr 

Class 1 = 

between 5-100 premature beats/hr. 

Class 11 

> 100 premature beats/hr. or repetitive premature 

beats. 

Class III 

atrial or junctional tachycardia 

Class IV 

Atrial flutter or fibrillation. 

Class II, III, IV are 

defined as complex supra-ventriacular arrhythmia, class 

III & IV patients have a poorer prognosis as compared to the class I and class II 

patients. 

Table II Lown's classification of ventricular premature beats - 

Grade 

VPBs 

0 

None 

I 

< 30 per hour 

II 

>30 per hour 

III 

Multiform 

IV a 

Couplets 

IV b 

3 or more consecutive 

V 

R-on-T Phenomenon. 

Closely 1 coupled VPCs and R-on-T phenomenon were considered 


the most serious forms predisposing to malignant ventricular arrhythmias. 
However, it has been observed that late coupled VPBs are also 
responsible for 41-45% of Clinical episodes of ventricular fibrillation (VF) 
and in 40-83% cases the VF occurs without any preceding VPBs. 
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OBSERVATION 

T he present study was carried out in the Cardiology Division of 
Department of Medicine, M.L.B. Medical College, Jhansi. The case 
matei ial consisted of 45 consecutive patients, with coronary artery disease 
(Angina/MI), admitted to the intensive coronary care unit (1CCU), ward and 
cardiology OPD. 

GENERAL CHARACTERISTICS OF THE PATIENTS 
T able-I Distribution of patients according to their age and sex. 


Age groups 
(years) 

Male 

Female 

TOTAL 

! 

No. 

Percentage 

< 35 

0 

1 

1 

02.22 

35-45 

6 

6 

12 

26.66 

46-55 

6 

2 

8 

17.77 

56-65 

10 

3 

13 

28.88 

66-75 

8 

2 

10 

22.22 

> 75 

1 

0 

1 

02.22 

TOTAL 

31 

14 

45 

100 


Table -1 shows that group consisted of 45 patients 31(68.88%} males and 
14(31.11%) Females. Maximum 13 (28.88%) number of patients were from 56 
to 65 years of age, including 10 (22.22%) males and 3 (6.66%) females. Mean 
age of patients in this group was 55.64±12.35 S.D. years. 



Table-II Distribution of patients according to site of 
infarction and Angina pectoris. 


Table-II shows this group consisted of 45 patients maximum 26 (57.77%) 
patients had Angina Pectoris including 16 (35.55%) unstable angina and 10 
(22.22%) stable angina. 19 (42.22%) were M.I. out of these 12 (26.66%) 
patients had Anterior wall infarction 3 (6.66%) had Inferior wall infarction 4 
(8.88%) patients had infarction at multiple locations. 


Site of Infaction and angina 

Pactoris 

No. 

Percentage % 

Myocardial Infarction 

19 

42.22 

' ’ ' ■. ' ■ 

! 

Anterior 

12 

26.66 

Inferior 

3 

06.66 

Multiple location (Ant+Inferior) 

4 

08.88 

Angina Pectoris 

26 

57.77 

Slabe 

10 

22.22 

Unstable 

16 

35.55 



Table-Ill Distribution of Subjects in relation with 
coronary risk factors. 


Risk Factors 

No. of cases 

Percentage % 

Cigarette smoking 

27 

60% 

Hypertension 

10 

22.22% 

Diabetes Mellitus 

8 

17.77% 

Obesity 

4 

8.88 % 

Family history of 

6 

13.33% 

. , j * • j 

premature CAD 


1 

Tobacco Chewing 

16 

35.55 % 


Table-Ill shows the risk factor wise distribution of patient in this group Cigarette 
Smoking (60%) was the most common risk factor followed by tobacco chewing 
(35.55%) Hypertension was present in (22.22%) and diabetes mellitus was 
present in (17.77%). The family history of premature CAD was present 
(13.33%. obesity was present in (8.88%). Four patients were without any 
coronary risk factors. 


Table -IV Correlation of Heart Rate Variability (Standard Deviation of 
R-R Interval) After MI and Angina Pactoris. 


Standard 

Deviation of 

R-R of 
normal Cycles 
(Ms) 

No. of 

Patient 

Percent 

- age 

M.I. (19) 

j 

Angina Pectoris (26) ; 

No. 

% 

No. 

% 

I 

■■./■■j 

0-50 

0 

0 

0 

0 

o 

o i 

50-100 

27 

60 % 

13 

68,42 

14 



53.84 

> 100 

18 

40 % 

6 

31.57 

12 

46.15 

TOTAL 

45 

100 % 

19 

42.22 

26 

57.77 


Table -IV shows the distribution of Heart Rate Variability less than 50 ms had 
no subject, 50-100 ms was 60% and more than 100 ms was 40% . Distribtion 
of subjects according to their disease out of 45 cases 19 (42.22%) belongs to 
M.I. and 26 (57.77%) of Angina Pectoris. Out of these in 50-100 ms SDNN 
category HRV was found to be 13 cases (68.42%), 14 cases (53.84%) in M.I. 
and Angina respectively, and more than 100 ms SDNN category showed 6 
cases (31.57%) 12 cases (46.15%) respectively in Ml and Angina. According to 
data shown in table IV post MI patients were found to have higher risk for 
mortality in comparison to Angina patients. 



Table -V Distribution of Prevelance of Ventricular 
arrhythmias in following groups. 


Ventricular 

M.I. 

Angina Pectoris j 

Total 

% | 

Arrhythmias 

(19) 

(26) 

1 

f 

VE Pairs 

8 

42.10% 

7 

26.92% 

15 

33.33% 

VE Run 

4 

21.05% 

| 

6 

23.07% 

10 

22.22% 

VPCs 







>10 

8 

42.10% 

10 

38.46% 

18 

40 To 

< 10 

11 

57.89% 

16 

61. 53 % 

27 

60 % 

_..j 

VT 

7 

36.84 % 

4 

15.38 % 

11 

24 44 'Ki 1 


Table -V shows According to above table out of 19 patients of Ml 8 had VE 
pair, 4 had VE run and 8 patient had VPCs less than 10/hrs, 1 1 had more than 
10 /hr and 7 patients had VT. 

Out of 26 patients of Angina 7 patients were found VE pair and 6 VE run 10 
patients had VPCs less than 10/hrs, and 4 had VT, above data showed that 
ventricular arrhythmia prevalence more in Ml than angina patients. 


Tabic -VI Distribution of Ventricular Arrhythmia According to 
Lown’s classification of VPBs in different group 


VPBs 

MI 

Angina Pectoris j 


(19) 

(26) 

< 30 



. . . 


Grade -I 

4 

21.05% 

6 

23.07% 

> 30 



. 


Grade -II 

4 

21.05% 

6 

23.07% 

i 


Table VI shows that out of 19 patients of MI 4 had no. of VPBs less than 30 
(grade I lown’s classification) and other 4 had VPBs greater than 30 (grade 11 
lown’s classification). That out of 26 patients of angina there were 6 patients 
each grade-I and grade-II. 


38 


Table -VII Distribution of Supra Ventricular Arrhythmia According to 
the classification of SVPBs in different groups. 


SVPBs 

MI 

Angina Pectoris 


(19) 

(26) 

0-5 

17 

23 

5-100 

0 

4 

> 100 

1 

0 


Table - VII shows that out of 19 patients of MI only one patient had SVPBs of 
grade II (i.e. more than 100) and 17 patients had no SVPBs. Out of 26 
patients of Angina only four patients had SVPBs of grade - I (i.e. 5-100) and 23 
patients had no SVPBs. 
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Table -VIII Distribution of Incidence of ST depression in 

following groups 


ST. Depression 

MI 

(19) 

Angina Pecstoris 

(26) 

Total 

( >lmm) 

Present 

Absent 

Present 

Absent 

Present 

Absent 


8 

ii 

9 

17 

8+9-17 

11+17-28 


42.10% 

57.89% 

34.61% 

65.38% 

37.77% 

62.22% 


Table -VIII shows the patient in whom ST depression of 1mm or more was 
observed . 

Out of 19 patients of MI only 8 (42.10%) patients has significant ST depression 
(i.e. >1 mm) on the other hand out of 26 patients of angina, 9 patients had 
significant ST depression (34.66%). According to Table-VIll significant ST 
depression was found more in patient with Ml rather than with those of Angia. 

It may be noted that although none of the patient complained of chest 
discomfort or pain during 24 hrs Holter recording, some of them had significant 
ST depression which may indicate silent Ischemia. 
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DISCUSSION = 

p oronary artery disease has been reported to be on the increase in India 
m recent times. Various studies indicate that incidence of CAD ranges 
from 6 to 20% of all heart disease patients (Sinha 1978). 

The prevalence of coronary artery disease is more common in males as 
compared to females the ratio being 4:1, but it is not so at extreme of age when 
the CAD incidence becomes more or less same in both sexes. In India CAD 
appears a decade earlier in life as compared to developed countries 

Coronary risk factors play a very important role in development and 
severity of coronary artery disease. 

Those patients who have multiple coronary risk factors are very much 
prone to develop coronary artery disease. 

The present study was conducted in the cardiology division of Deptt. of 
Medicine M.L.B. Medical College, Jhansi from March 1999 to Feb. 2000. 

45 patients were selected for this study Number of male patients was 
31(68.88%) and 14 were females (31.11%). Maximum (28.88%) number of 
patients were from 56-65 years of age, including 10(22.22%) males and 
3(6.66%) females. Mean age of the patients was 55,64± 12.35 years. 

Majority of patients belonged to middle class and with most of them were 
from urban area, only 10(22.22%) patients were from rural area. Most of the 
male subjects were from service class while most females were housewives. 

Some of the patients in this study were sedentary of which majority were 
females. 


In the present study risk factors for CAD were present in good number of 
cases (91%), and only four patients were without any known coronary risk 
factors. Cigarette smoking was observed to be the commonest risk factors (60%) 
followed by tobacco chewing (35.55%) and hypertension (22.22%) respectively. 

HEART RATE VARIABILITY : 

Analysis of the variability of RR Interval (HRV) has been shown to be a 
reliable method to assess cardiac autonomic activity 130 130 , Several recent study 
have demonstated that a low heart rate variability suggests a reduction in vagal 
activity with an absolute or relative adrenargic predominance as an independent 
prognostic determinant in patient with acutes myocardial infarction 140 ' 143 . 
Several previous studies have shown that a decreased global heart rate variability 
is a powerful independent prognostic determinant in patients with acute 
myocardial infarction 140 ' 143 . 

Kleiger et al 140 first reported that a standared deviation of RR interval 
< 50 ms an 24 hours Holter recording was associated with a four fold increase 
in the risk of death compared to patients with standard deviation > 100ms. On 
the other hand standard deviation between 50-100 ms associated with 
moderate risk. Present study has some resemblance with the Kleiger et al study. 
In this study it found that most of the subjects with MI & Angina were in the 
category of 50-100 ms RR interval standard deviation and these people have 
moderate risk of developing further complication and mortality. 

Increased sympathetic or decreased parasympathetic nervous system 
activity is reflected in increased -indices of heart rate variability. Importantly 
decreased indices of heart rate variability shown great value as predictor of 
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mortality in various clinical populations 144 . Decreased heart rate variability 
(CLV<50 ms) was reported to be an independent risk factor for mortality post 
MI by the multi-center post infarction project (MPIP) in 1987 145 . 

Since then, numerous investigators have corroborated this finding 1 ' 11 ’ 146 
In addition, among survivors of acute myocardial infarction (Ml). Bigger et al 147 , 
and Farrell et al 148 have both shown that decreased heart rate variability 
predicted both death and arrhythmic events with greater sensitivity and 
specificity than conventional predictors such as left ventricular ejection fraction. 

Low heart rate variability has also been reported to predict mortality 
among patients, undergoing coronary angiography. Rich et al 149 reported that 
in 100 stable patients who initially had elective angiography none had an MI 
within 4 weeks. Non ischemic cardiomyopathy, or valvular disease , SDNN < 
50 ms was associated with an eighteen fold 1 year mortality compared with 
patients with an SDNN more than 50 ms. In patients awaiting cardiac 
transplantation SDANN <55 ms identified patients at a twenty fold increased 
risk of mortality 150 . 

Previous work has shown that reduced RR variability after myocardial 
infarction is predictive of arrhythmic events i45.i46,h«.im^ sudden 
death 145, 146, 148,151 and all cause cardiac mortality 145-151 the available data is 
limited, however in that these studies have generally used a single time domain 
analysis, either the standard deviation of the individual RR interval 145 . 

Among time domain indices a lower SDNN is a significant and 
independent predictor of all cause mortality and of progressive heart failure 
deaths. A reduced heart rate variability has been observed consistently in patient 
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with cardiac failure. Present data confirm that a simple and easily measured time 
domain index of autonomic activity SDNN, has independent prognostic value in 
patients with angina and MI. It identified an increased risk for all cause mortality 
in these patients. 

Recently, three studies have provide the prognostic value of SDNN in MI 

and angina . Ponikonski et al found depressed SDNN (clOOms) was 

independent predictor of cardiac death. 

TO EVALUATE SILENT AND SYMPTOMATIC 
MYOCARDIAL ISCHEMIA 

Numerous investigators have evaluated the prognostic value of 
ambulatory ischemia in various categories of CAD patients eg. chronic stable 
angina, unstable angina, post myocardial infarction 

ST depression during holter monitoring is a sensitive marker of ischemia 
in daily life and is useful in quantification of total ischemic burden (silent +c!inical 

V ■ 

ischemia). 

Whether ischemia detection by Holter monitoring provides additional 
prognostic information than provided by exercise testing is a controversial issue. 
Two successive studies by Mulcany et al 78 ' 79 (Reported in Am J. cardiology 
1989) concluded that excercise testing can identify most patients who are likely 
to have ischemia during daily life an AECG does not make only further 
contribution to risk stratification, in the recent study Paul et al 80 (AJ of 
Cardiology 1994) also found that probability of ambulatory ischemia on holter 
can be predicted by time to onset and maximal ST depression on exercise 
testing obviating the need for separate Ambulatory ECG monitoring. Holler 
monitoring one month after episode of unstable angina did not add to the value 
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of excercise tost for detection if severe coronary lesion at coronary 
artereographic evidence in support of the other side of controversy emerged 
from a large number of studies. Rocco et al (Cer 1988) studied 86 patient of 
chionic stable angina and positive exercise test and found significantly higher 
cardiac events rate (41% Vs 3%) in those with ambulatory Ischemia documented 
during Holter monitoring than those without. 

Deedwania and carbajal 83 (Am. J. of Cardio 1991) in a similar study 
found ambulatory ECG ischemia as the most powerful predictor of cardiac 
mortality similar results emerged from few more studies too. 

Tjivoni et al 86 in a study of post infarction patients, found a cardiac event 
rate of 51% in those with ischemia on both TMT and Holter and 8.5% in those 
with no is.chmia on Holter. In a recent observation Good Men et al 88 (Am J Car. 
1994) found that ambulatory ECG ischemia is the best predictor of proximal 
arterial segment involvement score whereas exercise testing and myocardial 
perfusion imaging were predictive of coronary geopardy score, Therefore 
weight of evidence as of today indicates that Holter ST depression provides 
useful additional prognostic information with - 

1 . Exercise Capacity < 6 min 

2. Onset of ischemia < 6 min. 

3. Peak Heart Rate >120 min 89 . 

The present study 90 of Holter monitoring in patients of myocardial 
infarction and angina pectoris we had 19 patients of myocardial infarction and 
26 patients of angina pactoris ST depression >1 mm was seen in 8 out of 19 
patients (i.e. 42%) while ST depression was absent in 57.89% patient of MI. On 
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comparison only 34.61% of patient of angina pectoris demonstrated significant 
ST depression (i.e. ST dep > 1mm ) during Holter monitoring. 

Thus the incidence of ambulatory significant ST depression was more in 
patients of myocardial infarction than in patients of angina pectoris although the 
difference was not statistically significant probably it would have required a very 
large number of patients in both subgroups to show a significant ST depression 
incidence difference in patient of myocardial ischemia and angina pectoris, This 
was most probably the reason why the present study could not demonstrate 
significantly more incidence of >lmm ST depression in patients of myocardial 
infarction compared to patient with angina pectoris . 

AECG monitoring for ST shift is more complex than arrhythmia detection 
because of significant variability with posture, activity and distortion factors like 
phase shift, narrow band width low signal to noise ratio and poor low frequency 
response. 

The role of routine Holter monitoring in detecting coronary artery disease 
in a total asymptomatic population remain unclear . 

SILENT ISCHEMIA : 

The patho physiology of recurrent ischemic events after infarction often 
involves an unstable atherosclerotic lesion, which when disrupted, becomes the 
site of platelet aggregation, coronary vasoconstriction and thrombosis similar 
ischemic episodes, many of which are asymptomatic and occur at rest, can be 
identified by ischemic ST changes on continuous electrocardiographic (Holter ) 
monitoring. Previous studies that correlated these changes with abnormalities of 
myocardial perfusion and function indicate that they represent true ischemic. 
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events. Ischemic ST changes on Holter monitoring predict recurrent ishcemic 
events in patients with unstable angina as well. 

The goal of the present study was to examine the prognostic significance 
of ischemic ST changes recorded on 24 hours electrocardiographic monitoring 
before hospital discharge in the context of other clinical variables with regard to 
mortality and re-infarction in post-infarction population. 

The 24 hours Holter monitoring recording tapes were scanned by one 
experienced doctor for the presence, frequency, and duration of ishcemic ST 
episode, which were defined as transient ST segment depression of 1mm or 
greater from the baseline .08 sec. after the J point, lasting by at least 1 minute 
of isoelectric ST segment. Episode of ST segment elevation were not detected 
in this population of patients. 

To study the incidence of ventricular arrhythemia : 

Cardiac rhythm abnormalities occurs in 72-96% of patients with acute Ml 
(Carlson MD, Mackall et al 1998). These comprise of supraventicuiar and 
ventricular premature beats, bradyarrhythmias and tachyarrhythmias. 
Ventriculartachy arrhythmias such as sustained ventricular tachycardia, 
ventricular flutter and fibrillation are potentially the most dangerous arrhythmias 
associated with AMI and these may occur in upto 10-50% of all patients with 
AMI. 

Holter monitoring has emerged as an indispensible tool for detection and 
quantification of ventricular arrhythmias and judging the efficacy of treatment. 

Ventricular premature beats (VPBs) are ubiquitous and even short runs of 
ventricular tachycardia (VT) may be seen in asymptomatic people. In normal, 
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healthy subjects aged 10-30 years, the incidence of VT defined as three or more 
consecutive VPBs - is in the range of 1-3%. 

The prevalence of frequent VPBs increases with age, as does the 
prevalence of ventricular couplets and VT multivariate analysis has shown that 
there is higher prevalence of ventricular arrhythmias including combination of 
VT and at least 15 VPBs per hour in subjects with an abnormal left ventricular 
ejection fraction. The development and commercial availability of 24 hours 
ambulatory ECG recording (Holter monitoring) has made it possible to study the 
relationship between the frequency and complexity of ventriculp arrythmias 
after myocardial infarction and subsequent mortality. According to available data 
ony 15-25% of patients have 10 or more VPBs per hour. Mortality rates are 
2.5-4 times as great for patients with atleast 10 VPBs per hour in a 24 hours 
ECG recording in comparison with lower VPBs frequencies. 

In addition pairs or runs of VPBs are associated with death independent 
of VPBs frequency. Transient VT defined as at least three consecutive 
ventricular beats at a rate of > 100 b pm) occuring on a predischarge 24-hrs 
ECG recording has a strong relationship with subsequent mortality only about 
12% of patients. 

In the present study 19 patients of MI and 26 patients of angina pectoiis 
24 hours recording, revealed higher incidence of ventricular arrhythmias in 
patients with myocardial infarction as compared to angina pectoris. 

In the present study 19 patients of MI and 26 patients of angina pectoris 
24 hours Holder recording higher incidence of ectopics were seen in 8 patients 
42.10% and 10 patients 38.46%. Ventricular couplets in 8 patients 42.10% 
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and 7 patients 21 . 92 % and ventricular runs in 4 patients 21.05% and 6 
patients 23.07% respectively in patient of AMI & angina pectoris in difference 
however could not reach upto statistical significant because of small number of 
patients. 

In patients of AMI VPCs > 10 per hour, were seen in 42.10% patients 
and clOVPCs per hour were seen in 57.89% patients. The corresponding 
values in patients of angina pectoris were 38.46% and 61.53% respectively. 

The greatest significant difference of ventricular arrhythmias is seen when 
the study compare incidence of ventricular taecycardia (VT) in both groups the 
incidence of ventricular taechycardia during 24 hours ambulatory BCG 
recording is 36.84 % in patients of myocardial infarction, while it is only 
15.38% in patients of angina pectoris. In present study when VPBs were 
classified according to Lown’s classsification the percentage of patients in lown's 
classification grade I and II was 21.05% each, the corresponding percentage of 
grade I and grade II VPBs in patients of stable angina pectoris was 23.07% 
each. 

Hence this study conclude that all type of ventricular arrhythmias 
detected during Holter monitoring are more common in patients of myocardial 
infarction in comparison to patients of angina pectoris. These increased 
incidences of ventricular arrhythmias during Holter monitoring in patients of 
myocardial infarction are also indicates of these increased risk of mortality in 
comparison to patients of Angina pectoris. 



Study the incidence of Supraventricular Arrhythmias 
according to the classification of SVPBs : 

The role of ventricular arrhythmias associated with acute myocardial 

infarction is well appreciated. However, the genesis and effects of 
supraventricular techyarrythmias (SVTs) associated with acute myocardial 
infarction (AMI) is still a subject of controversy 1 . (Lown B Klein MD et al Am J 
Med 1969). 

The incidence of Supraventricular arrhythmias varies from 11 to 44% in 
various series 2~4. Types of supraventricular arrhythmias seen in the setting of 
acute myocardial infarction are, atrial premature complexes, atrial fibrillation AF 
atrial flutter, paroxymal atrial tachycardia, junctional tachycardia and nodel 

rhythms. 

Ambulatory electrocardiographic monitoring is an important diagnostic 
tool in patients with supraventricular arrhythmias the ambulatory, ECG can also 
be used to assess therapeutic procedures most sustained supraventricular 
arrhythmias are diagnosed upon presentation of the patients at a medical facility 
by recording (12 lead ECG, either alone or with an appropritate rythem strip. 

However, transient arrhythmias may cause symptoms that may not last 
long enough for patients to travel to a medical facility to obtain on ECG for 
those patients the ambulatory ECG is critical for diagnosis if the arrhythmic 
events are sufficiently frequent in a 24 hour period, or if the expectation is that 
the arrhythmia will occur in 24 hour period than the contineus 24 hour 


i. Assessment of symptoms (Frequent, preferably daily) possibly associated 
with a transient arrhythmia. 

Z. Characterisation of known all suspected supraventricular arrhythmias. 

3. Assessment of sinusnode dysfunction. 

4. Correlation of effects of the activities of daily living with supraventricular 
arrhythmias. 

5. Assessment of AV conduction. 

6. Determination of the effectiveness of antiarrhythmic therapy. 

In this study the Holter monitoring of patients of myocardial infarction 
and angina pectoris, the incidence of supraventricular arrhythmias in these 
groups (table VII). The presents study found that out of 19 patients MI only 1 
patient had supraventricular premature beats (SVPBs) of grade II i.e. SVPBs 
>100) 17 patients of MI had no SVPBs in the range 0-5. 

On the other hand out of 26 patients of angina pectoris only 4 patients 
had SVPBs of grade I (i.e. 5-100) and 23 patients had no SVPBs. 

In this study it is apparent that there was no significant difference 
between incidence of supraventricular arrhythmias between patients of 
myocardial infarction and angina pectoris the reason for this could be is that as 
we have small number of patients under the study, groups and as such the 
incidence of supraventricular arrhythmias are not high after myocardial 
infarction, which led almost equal incidence of SVPBs between the two groups. 





SUMMARY AND CONCI.USIQM 

' I ' he present stud ^ was ca ™d out in the Department of Medicine 
M L B- Medical College, Jhansi the case material consisted of 45 
consecutive patients, with coronary artery disease (angina/MI). 

Out of 45 subjects 31 (68.88%) males and 14 (13.11% ) females. 
Maximum number 13 (28.88%) were from 56 to 65 years of age. Mean age of 
patients in this group was 55.64±12.35 SD. years. 

Majority of patients belonged to middle class and most of them were from 

urban. 

In the present study risk factors fore CAD were present in good number 

of cases 91%. Cigarette smoking was observed to be the commonest risk factors 
60%. 

According to Kleiger et al present study distribution of HRV in 50-100 
ms groups was 60% and in more than 100 ms was 40%. Distribution of subject 
according to their disease out of 45 cases 19 (42.22%) belongs to MI and 26 
(57.77%) of angina pectoris. According to data post MI patients were found to 
have higher risk for mortality in comparison to angina. (Low the HRV higher 
the risk). 

ST depression > 1 mm was seen 42% patients of MI in comparison only 
31.61% of patient of angina pectoris. The incidence of ambulatory significant 
ST depression was more in patients of MI then angina. 

In this study 19 patients of MI 26 patients of angina on 24 hours Bolter 
recording higher incidence of ectopics were seen 42% and 38.46% ventricular 


couplets 42.10% and 27.92% and ventricular runs 21.05% and 23.07% 
respectively in patients of AMI and angina. 

In this study there were no significant incidence of SVPBs in MI and 
angina patients. 

This study conclude that all type of ventricular arrhythmias detected by 
AECG are more common in patients of MI in comparison to patient of angina 
pectoris so patient of MI are also indicate increased risk of mortality as compare 
to angina pectoris. 

Thus in patients with CAD, there are three potential areas where an 
Ambulatory monitoring can be utilised diagnostic, prognostic and assessments 
of therapeutic efficacy. AECG for the diagnoses of CAD is not recommended 
routinely because of poor sensitivity and specificity except in those with chest 
pain suggestive of Prinzmetal's angina or those who are unable to exercise. 

Analysis of rhythm and ST segment changes during AECG can provide 
additional prognostic information in various subgroups of CAD. However, other 
prognostic indicators like age, previous MI, left ventricular dysfunction and 
exercise induced ischemia are usually easier to obtain and more predictive of 
prognosis. 

Heart rate variability analysis has come up as an excellent prognostic tool. 
Depressed HRV is a new and powerful risk factor for CAD. Predictive value of 
HRV is independent of other parameters established for post infarction risk 
stratification, such as left ventricular ejection fraction ventricular ectopic activity 
and late potentials for predictions of all cause mortality. Assessment of HRV 
and thereby autonomic activity is of great clinical significance, particularly in 
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certain clinical settings such as cardiac arrhythmias, cardiac failure and diabetic 
autonomic neuropathy. HRV is markedly reduced in patients with CHF. 

A routine application for this indications can be recommended ACC 
/AHA task Force recommended. AECG monitoring in CAD for following 
indication 3. (American College, of Cardiology/American Heart Association 
Task Force JAM Coll Card. 1989). 

A. Class -I Chestpain suggestive of prinzmetal’s angina. 

Class II Patients with chest pain who are unable to exercise. 

B. For detection of silent ischemia in post MI patients who are 


known to have VPCs. 

C. For risk Prediction in known CAD, anterior myocardial 

infarction. Stable or unstable angina when combined with 
confirmatory stress testing. 

Class III Not indicated - 

1. Chest pain evaluation : Typical or atypical 

2. Ischemia detection in asymptomatic persons. 

For risk prediction as a sole test. . 


3. 
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HEART RATE 


VENTRICULAR ECTOPIC 

Average HR: 

63 

VE Total: 

19 

Min HR: (4 Beat) 

48 at 16:32 

VE Pair Total: 

0 

Max HR: (4 Beat) 

128 at 20:45 

<. A-Run Total: 
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Min Hourly HR: 

56 at 16:00 

VE's per 1,000: 
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Max Hourly HR: 

78 at 20:00 

Min HR V-Run 

N/A 

Total Beats: . 

56462 

Max HR V-Run 
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Minutes Analyzed: 

916 

Longest V-Run 

N/A 
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SUPRA VENTRICULAR ECTOPIC 

ST SEGMENT 


SVE Total: 

3 

Ch. 1 Total ST Minutes: 0 

SV-Run Total: 
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j Ch. 2 Total ST Minutes: 
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SVE's per 1,000: 
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Ch. 3 Total ST Minutes: 0 

Max HR SV-Run 

N/A 

No ST Episodes 


Longest SV-Run 

N/A 

No ST Minutes 
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HEART RATE VARIABILITY 

CONDUCTION & QT 


SDNN: 

131 

Pauses >2,5 Seconds: 

0 

SDANN Index: 

90 

Longest Pause: 

N/A 

SDNN Index: 

87 

Long QT Interval: 

356 ms (Ch, 1) 

rMSSD: 

51 

Corrected QT Interval: 

337 ms 

pNN50; 

29 

Long QT Interval at 17:04, Heart Rate 54 hpm, j 


CONCLUSIONS: 

The average heart rate was 63, with a minimum of 48 and a maximum 
of 128. Ventricular ectopic beats totaled 19, with 0 VE Pairs and 
0 V-Runs. Supraventricular ectopics totaled 3, with 0 SV-Runs. Pauses 
in excess of 2.5 seconds totaled 0, The number of minutes of analysed 
ECG data was 916. 

ST episode minutes totaled 0. 
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